INTRODUCTION
Although road accident surveys show chest injury is a major cause of death at the site of accident, those who reach hospital alive are still in danger from the effects of injury. Special techniques of management have been devised to assure as high a survival rate as the chest and associated injuries will permit.
Survival is possible without intensive care facilities, as ancient and mediaeval skeletons prove. However, optimal management of cases of multiple trauma is to be found in an intensive care unit which has respiratory care facilities. Although artificial ventilation is now an accepted fonn of therapy in the management of chest injury, it should not be used when simpler methods will suffice.
Although successful surgery for cardiac or thoracic vascular injuries is possible (Windsor and Shanahan 1970) , only a small proportion of patients with such injuries reach hospital alive (Stoney, Roe and Reddington 1964) . Thus the major problem for anaesthetists in the management of chest injuries is respiratory failure. This results from a variety of physiological derangements, all causing a diminution of alveolar gas exchange and, consequently, hypoxia and hypercarbia (Petty and Ashbaugh 1971) . The maintenance of gas exchange is thus of critical importance following chest trauma, and artificial ventilation of the lungs is indicated when respiratory failure cannot be prevented by simpler means, such as increased inspiratory oxygen, relief of pain, pulmonary decompression, and tracheo-bronchial suction.
This paper outlines the indications for artificial ventilation and results of treatment of patients with chest injuries admitted to Royal Newcastle Hospital Intensive Care Unit during the period April, 1968 , to April, 1973 Thirty-eight patients did not require artificial ventilation (Table 2 ). Of these, six had no rib fractures but other restrictions of respiration including fractured sternum, ruptured diaphragm, pulmonary haematomata and persistent pneumothorax; 15 had less than five fractured ribs and little pulmonary damage, but six had pre-existing lung disease; 13 had multiple unilateral rib fractures and five had bilateral multiple rib fractures but with a stable chest wall. ::-.l"inety-two patients required artificial ventilation (Table 2 ). Of these, eight had less than five ribs fractured, 68 had more than five ribs fractured unilaterally, 16 had multiple bilateral fractures, and 29 had a major flail segment. Forty-seven had haemothorax and 42 had pneumothorax, either present on admission or developed during therapy; 44 had pulmonary haematoma, bilateral in 12. Thirty-eight patients had a laparotomy; 11 of these were negative, the majority of negative laparotomies being performed elsewhere prior to transfer to the unit. Positive laparotomy findings were a ruptured spleen in 14 cases, ruptured liver in 10, ruptured kidney in five and bowel, arterial or other damage in 11. Seven patients had multiple intra-abdominal injuries.
Almost half of the patients with chest injuries also suffered a head injury. In 14 the major injury was cerebral contusion. Six had skull or major facial fractures without cerebral injury and 39 had uncomplicated concussion. Five patients needed craniotomy when echoencephalography and other investigations indicated midline shift and cerebral compression. Seventy-seven of the 130 patients had associated orthopaedic injuries. There was a total of 36 fractures of the upper limb or girdle, 46 fractures of the lower limb, nine had a fractured pelvis, eight had fractures of the vertebral column, two with paraplegia. Twenty-seven of the patients had pre-existing chest disease; of these four had Anaesthesia and Intensive Care, Vol. II, No. 7, February, 1974 other pre-existing diseases as well. There was pre-existing cardiovascular or endocrine diseases in 17 patients.
RESULTS
Management without artificial ventilation was initially attempted in 57 patients. Eight of these needed tracheo-bronchial suction and 19 deteriorated sufficiently to require artificial ventilation (Table 3) . In 73 patients artificial ventilation was indicated soon after admission because of widespread pulmonary damage, flail segment or because of the combination of associated injury and pulmonary trauma.
Of the 38 patients who were managed conservatively throughout, two died, both from aortic injury. In the ventilated group 22 patients died, five of these being in the group who deteriorated to require artificial ventilation. Nine died from cerebral contusion, five from respiratory failure, two from myocardial infarction, two from gastro-intestinal haemorrhage, and one each from pulmonary artery haemorrhage, aortic rupture, hyperosmolar diabetic coma, and thyrotoxic crisis (Table 4) . Of the 38 patients who had a laparotomy, 33 required artificial ventilation. Those five who were able to be managed without artificial ventilation had little pulmonary trauma but painful chest wall injuries which restricted respiration, and thoracic epidural analgesia was required. Of the group with combined chest and abdominal injuries 11 died. Of the 59 patients with head injuries, 14 had cerebral contusion, from which nine died; none survived acute subdural haematoma. Only one patient with cerebral contusion did not need artificial ventilation; he survived. Thoracic vascular trauma was suspected in nine patients and proven in three, two of whom died during resuscitation, and the third died from renal failure one week after repair of avulsion of his brachiocephalic artery. The remaining six remained stable and surgical intervention was not necessary.
Of the 44 patients with pre-existing diseases, 12 died. Two patients died from sudden massive gastro-intestinal haemorrhage from previously known gastric ulcers, one patient with previous myocardial ischaemia died from myocardial infarction, and another with untreated thyrotoxicosis died in thyrotoxic crisis. However, no direct relationship between previous health and cause of death could be determined in the remaining eight.
No long-term complications of tracheostomy were encountered in the 96 patients so managed in this series. Significant chest infection as defined by fever, purulent sputum and chest radiological evidence, occurred in about half of these patients and required antibiosis. This infection, however, may have been, in some cases, more a complication of injury or preexisting disease rather than of tracheostomy. Tracheostomy wound infection occurred in 34 cases. Twice tracheostomy needed refashioning because of bleeding from the wound. One patient died when his right main bronchus, weakened by trauma, ruptured when ventilated at high pressures. Fourteen others developed pneumothorax during ventilatory treatment; however, due to the insertion of an intercostal catheter into the injured side(s) prior to commencement of artificial ventilation tension did not result and no deaths ensued from this development.
MANAGEMENT
The management of chest injury in this unit is based upon:
(1) Accurate general diagnosis. Those admitted in extreme respiratory distress were intubated and ventilated immediately but, when the patient's condition permitted, accurate clinical, radiological and laboratory assessments were made by senior medical staff prior to commencement of therapy. Respiratory rate, airway, colour, pattern of respiration, presence of flail segment, restriction of inspiration and expansion of chest were noted, as was the state of the circulation, consciousness and the ability to breathe deeply or cough effectively. Where possible, an erect postero-anterior radiological view of the chest was taken. When this was prohibited by shock or other injuries a supine antero-posterior view sufficed. Where there was clinical and radiological evidence of pulmonary compression by air and/or blood in the pleural cavity, closed chest drainage was instituted using a polyvinyl catheter, usually in the second intercostal space anteriorly. Echo-encephalography was performed when unconsciousness prevented the elicit at ion of localizing neurological signs. Peritoneal tap and lavage was performed where the diagnosis of intra-abdominal injury was in doubt (James, Gibbons and Bissett 1973) .
Initially, pain relief was obtained by intravenous morphine, in 5 mg increments, until adequate analgesia was obtained. Oxygen was given via an Edinburgh mask.
Blood was cross-matched and arterial blood was taken for blood gas analysis. Tracheostomy and artificial ventilation were indicated early where there was extensive pulmonary trauma, an unstable chest wall, or when there was considerable pulmonary trauma and associated abdominal injury requiring laparotomy.
Patients requiring artificial ventilation were taken to the operating theatre and a Bjork tracheostomy performed under general endotracheal anaesthesia. At the same time their associated injuries were appropriately managed. On return to the Le.U., they were connected to a ventilator. A Bird Mark 14 was the ventilator used throughout most of the survey, but later a Drager Spiromat 661 and two Bennett M.A.-IB's became available and these were used preferentially. A Portex tracheostomy tube was used, and during the ventilatory phase of treatment the pre-stretched cuff was kept inflated just enough to allow a small leak around it at the peak of inspiration. Positiveend expiratory pressure was used and ventilatory volumes and inspiratory oxygen concentrations were adjusted to produce near normal blood gases.
Hydration and nutrition was maintained by the oral or naso-gastric route whenever possible. If the patient could take nourishment orally, he was offered a soft diet after 48 hours. When unconsciousness prevented this, a naso-gastric tube was passed and 2,000 calsJday of homogenized food was instilled in divided amounts at hourly intervals, the stomach being aspirated prior to each feed.
Where ileus prevented intra-gastric feeding, parenteral infusions of electrolyte and 500 calsJday of glucose solutions were used until gastrointestinal suction could be suspended.
No complications of the naso-gastric tube at oesophageal or gastric level were encountered. Diarrhoea from gastric feeds was a problem insoluble by alteration of the constituents of feeds but treated by time, intravenous fluids, and mist. catechu et opii.
An intravenous infusion was maintained for antibiotics if indicated by this route, and for electrolyte adjustment. Sedation with phenoperidine 1 mgjhr by continuous infusion was administered to patients requiring artificial ventilation. An accurate fluid balance was kept. Fluid retention (Sladen, Laver and Pontoppidan 1968) was commonly encountered by the fourth day and was treated by mannitol, frusemide and fluid restriction.
Anaemia, probably due to a combination of factors, including fluid retention and continued blood loss, was common by the fourth day, and further whole blood transfusion was needed in about half our cases. A poorly document able jaundice was noted when hyperventilation was used early in the series, but was not so common when the risks of higher oxygen concentrations (Nash, Blennerhasset and Pontoppidan 1966) were accepted and minute volumes reduced.
All patients had a cardiac monitor attached for the early detection of arrhythmias (Flemma and Young 1964) . Their blood gases were measured, chest X-rays taken, and sputum cultured at least daily. Their haemoglobin, urinary and serum electrolytes and osmolalities were measured at least third daily. Patients were gradually weaned from the ventilator when clinical, radiological and laboratory investigations indicated a return to adequate pulmonary status. This occurred between the fifth and twenty-eighth day, the average being 9·7 days.
When artificial ventilation was not indicated early an attempt was made to manage the patient by relief of pain with or without tracheobronchial suction. Thoracic epidural analgesia was used for relief of painful limitation of breathing and coughing due to fractures below the fifth rib; for fractures above this level intercostal nerve blocks or narcotic analgesics were used (Gibbons and James 1973) . When a patient was unable to cough despite adequate pain relief, endobronchial suction via an endotracheal tube or bronchoscope was performed under general anaesthesia. If this procedure was required more than twice in the first 24 hours and seemed likely to require repetition, tracheostomy was performed. Patients suffering respiratory failure but not requiring artificial ventilation needed constant skilled observation and frequent reviews of progress. Not infrequently these patients deteriorated and needed artificial ventilation. Fatigue, diminution of consciousness, pulmonary infection and the complications of other injuries worsened the initial pulmonary disability and made artificial ventilation necessary.
CONCLUSIONS
The overall indications for the use of artificial ventilation in the 130 patients who suffered respiratory failure following chest injury are shown in Table 5 . When there is gross respiratory failure on admission, the need to institute artificial ventilation is obvious. The gravely ill patient with extensive pulmonary trauma, with or without an unstable chest wall, is often intubated and artificially ventilated as part of initial resuscitation. Such patients, as Ebert (1967) points out, are rarely mismanaged. The need for artificial ventilation is equally obvious where there is a major flail segment. It is the patient who initially appears to be tolerating a dangerous combination of chest and associated conditions or injuries who later emphasizes how insidious the onset of respiratory failure can be. Those likely to deteriorate into respiratory failure are the obese (Ebert 1967) , those with associated head injury (Shrire 1962) , those with slowly developing pulmonary compression from pleural air or blood (d'Abreu 1964) , and those with preexisting chest disease (Ambiavagar 1966) . To these we add combined chest and abdominal injury, particularly when there is pulmonary trauma.
The decision to perform laporatomy on a patient with chest injury should be made only on good evidence of intra-abdominal injury. Peritoneal tap and lavage with saline often reveals the presence or absence of haemoperitoneum and should be used as a major diagnostic aid in deciding whether the pain, tenderness and rigidity in the upper abdomen are due to fractures of the lower ribs or to a ruptured intra-abdominal viscus (J ames et al. 1973) .
Haematuria should not be taken as an indication for laparotomy in the absence of other intra-abdominal trauma and isolated renal injuries may be well managed conservatively (Wright 1965) .
The traumatized lung sequesters fluid and secretions, compliance falls, airways resistance multiplies and the work of breathing is increased up to fivefold (Garzon, Seltzer and Karlson 1968) . When to this combination of factors there is added post-laparotomy abdominal pain and distension, a situation readily arises where the patient is unable to continue adequate spontaneous breathing. Such patients need careful and continuous observation and artificial ventilation should be commenced prior to the development of a critical situation. Where there was combined chest and abdominal injuries, we used the extent of pulmonary trauma as an indication of the need for artificial ventilation. Where the injury was mainly to the chest wall without flail segment or much pulmonary trauma, thoracic epidural analgesia was used to relieve both thoracic and abdominal pain. However, in the presence of significant pulmonary trauma or flail segment artificial ventilation was used. The mortality in this group was 11 out of 38, and although high (double that of the remainder of the series), it compares favourably with other published series (Schramel, Kellum and Creech 1961 , d'Abreu 1964 , Basset, Gibson and Wilson 1968 , Perry and Galway 1968 .
Significant flail segment of the anterior or antero-Iateral chest wall was present in 29 patients. It was not always initially obvious but after adequate analgesia its presence was revealed. We considered it safer to use artificial ventilation whether failure was obvious or not whenever there was a significant flail segment of the anterior or antero-Iateral chest wall. Concurrent mechanical stabilization was only attempted when there was a penetrating chest wound or isolated fracture of the sternum.
When there is associated head injury serious enough to produce prolonged unconsciousness, a VICIOUS cycle is started whereby respiratory failure worsens head injury, and v~ce versa. Tracheostomy is indicated early in this situation in order to perform tracheo-bronchial suction. If blood gas analysis demonstrates respiratory failure despite this measure, then artificial ventilation should be commenced. Our experience in this regard equates that of Lloyd, Crampton-Smith and O'Connor (1965) , who found that head injury was the commonest cause of death in patients with chest injury.
Survival is possible after major trauma without what are now regarded as necessary respiratory care techniques -the finding (Handley 1938) in Britain of the skeleton of a Roman soldier with 16 healed fractures of the ribs proves this. However, it was not until artificial ventilation was used to stabilize the thoracic cage and aid gas exchange across the alveolar membrane that acceptable survival rates were obtained (Morch, A very and Benson 1955 , Barrett 1960 , Windsor and Dwyer 1961 , Conn et al. 1963 , Bassett 1968 , james, J.\lurree AlIen and Mills 1971 . Lloyd et al. (1965) gave an outline of chest injury management, based upon the magnitude of measures required to prevent respiratory failure, and this was relied upon heavily during this series.
With advances in technology, sophistication of ventilators and intensive care, it has become increasingly safe to undertake artificial ventilation in patients. Although complications of artificial ventilation are always a hazard, it is more reasonable to ventilate artificially than to persevere with a diminishing respiratory reserve. The percentage of patients in our series who were ventilated is high when compared with other series (Lloyd et al. 1965) , but then, so is the survival rate, especially when it is considered that the trauma was severe enough to produce respiratory failure. The mortality rate of 18·5 per cent justifies the continuance of the regime described above.
